139 an antimicrobial agent to which isolates were suscep-140 tible based on in vitro susceptibility testing. 141 Identification of K. variicola and K. quasipneumoniae from 142 K. pneumoniae isolates 143 The isolates, which were initially identified as K. 144 pneumoniae using MALDI-TOF MS and stored until 145 use, were identified by sequence analysis of subunit C 146 of topoisomerase IV (parC) gene. Primer pairs for 147 parC gene were used to identify K. variicola and K. 148 quasipneumoniae according to previously reported 149 protocols [20] . All isolates were cultured on Mueller-150 Hinton agar in advance. To prepare the template 151 DNA for PCR, bacterial cells from a single colony 152 were suspended in sterile distilled water and lysed at 153 98°C for 5 min. The lysates were centrifuged at 13, 154 000×g for 5 min and 1 μL of supernatant was used for 155 PCR reactions. Briefly, PCR amplicons were generated 156 by TaKaRa Ex Taq (Takara Bio Inc., Gunma, Japan) 157 and thermal cycling was carried out under the follow-158 ing conditions: 94°C for 5 min, followed by 30 cycles 159 at 98°C for 10 s, 53°C for 30 s, 72°C for 30 s, with a 160 final extension at 72°C for 5 min. PCR products were 161 analyzed using 1.2% (w/v) agarose gel stained with 162 ethidium bromide and purified using by ExoSAP-IT 163 Express PCR Product Cleanup Reagent (Thermo 164 Fisher Scientific, Massachusetts, USA). Sanger sequen-165 cing of these purified PCR amplicons was performed 166 by Eurofines Genomics Co., Ltd. (Tokyo, Japan). 167 Phylogenetic analysis was performed by MEGA 6 168 (https://www.megasoftware.net/). The phylogenetic 169 tree was constructed by the neighbor-joining method 170 based on the analysis of 319 bp of the parC gene of 119 171 clinical isolates and reference strains. Klebsiella species 172 were determined by identifying the cluster of the reference 173 strains to which they belonged in the phylogenetic tree.
174
The parC gene sequence of reference strains were ob-175 tained from NCBI database (GenBank accession numbers: K. 176 pneumoniae, CP009208, CP026586, NZ_AOCV00000000, 177 NZ_CP015134 and NZ_CP030269; K. variicola, NZ_ 178 CP017289 and NZ_CP030173; and K. quasipneumoniae, 179 CP014696).
180
The reliability of the topology of the tree was checked 181 by 500 bootstrap replications.
182 Detection of virulence genes and serotyping 183 To determine the capsular serotypes (K1 and K2) and to 184 clarify the presence of genes associated with virulence 185 factors (rmpA, entB, ybtS, iutA, kfu, mrkD, and allS), we 186 used Multiplex-PCR, according to previously reported 187 protocols [21] . entB, ybtS, iutA, and mrkD encode enter-188 obactin, yersiniabactin, aerobactin siderophore receptor, 189 and the type 3 fimbrial adhesin protein, respectively. 190 Furthermore, kfu and allS are associated with the iron The characteristics of the isolates and the prevalence of 221 virulence genes were characterized in Table   T1 1. Of the 28.0% vs 6.3%, p < 0.005) (Additional file 2: Table S2 ).
234
Isolates of the hypermucoviscous phenotype belonging 235 to K. variicola and K. quasipneumoniae were not K1 or 236 K2 serotypes and did not have rmpA gene (Additional 237 file 2: Table S1 ).
238
Regarding the prevalence of the 7 virulence genes, 239 rmpA and iutA were found only among K. pneumoniae 240 isolates. Significant differences in the prevalence of the 241 genes were found between K. pneumoniae, K. variicola, 242 and K. quasipneumoniae isolates as follows: rmpA 243 (33.3% vs 0% vs 0%, p < 0.001), iutA (36.8% vs 0% vs 244 0%, p < 0.001), ybtS (47.1% vs 19.0% vs 0%, p < 0.001), 245 entB (97.7% vs 90.5% vs 36.4%, p < 0.001), kfu (29.9% vs 246 90.5% vs 0%, p < 0.001), and allS (24.1% vs 4.8% vs 247 54.5%, p < 0.05). Significant differences in the prevalence 248 of rmpA, iutA, entB, and kfu virulence factors were 249 found even when the isolates were divided into 250 hospital-acquired and community-acquired infection 251 groups (Additional file 2: Table S3 ).
252
Of the 119 isolates, 16 (13.4%) belonged to the K1 253 serotype (K. pneumoniae = 15; K. quasipneumoniae = 1) 254 and 13 (10.9%) to the K2 serotype (K. pneumoniae = 12; 255 K. variicola = 1). Only 2 K. pneumoniae isolates (2.3%) 256 and 1 K. variicola isolate (4.7%) were identified as ESBL 257 producers (Additional file 2: Table S1 ). K. pneumoniae 258 isolates belonging to K1 serotype had all 7 virulence fac-259 tors, while K. quasipneumoniae belonging to K1 serotype 260 had only the allS and entB virulence factors (Additional 261 file 2: Table S1 ).
262 Clinical characteristics 263 Of the 119 patients, 13 were excluded from the statis-264 tical analysis because of polymicrobial bacteremia. 265 The characteristics of the patients are given in Table   T2 2 266 and Additional file 2: Table S4 ). Table   T3 3.
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Malignancy was more frequently associated with BSIs t1:1 Q5 (Table 3 and Additional file 2: Table S4 ).
320 Risk factor analysis for 30-day mortality 321 Of the 106 patients, 6 were excluded from the statistical 322 analysis because we did not know the clinical courses 323 of the patients during the 30 days following the onset of 324 bacteremia. Risk factors found for 30-day mortality in uni-325 variate analysis were mental disorder (OR = 7.7; 95% CI; 326 1.0-59.0, p < 0.05) and skin and soft-tissue infection (OR = 327 9.2; 95% CI, 1.1-142.0; p < 0.05) ( Table   T4 4). However, there 328 were no significant differences in bacterial characteris-329 tics, including species differences, between survivors 330 and non-survivors. In multivariate analysis, liver 331 cirrhosis (OR = 6.4; 95% CI, 1.0-37.0; p < 0.05), mental 332 disorder (OR = 15.0; 95% CI,2.33-97.1; p < 0.005), and 333 skin and soft-tissue infection (OR = 13.2; 95% CI, 334 1.19-145.0; p < 0.05) were found to be significant in-335 dependent risk factors for 30-day mortality ( Table   T5   5 Our study showed differences in the phenotypic fea-353 tures and the prevalence of virulence genes between K. 354 pneumoniae, K. variicola, and K. quasipneumoniae. 355 Among the phenotypic features, the hypermucoviscous 356 phenotype was found not only in isolates of K. pneumo-357 niae but also in those of K. variicola and K. quasipneu-358 moniae. The presence of rmpA has been reported to be 359 associated with the hypermucoviscous phenotype. How-360 ever, in this study, rmpA was confirmed only in isolates 361 of K. pneumoniae and could not be confirmed in those 362 of K. variicola or K. quasipneumoniae. In fact, the pres-363 ence of strains negative for the rmpA gene in hypermu-364 coviscous phenotype isolates of K. variicola and K. 365 quasipneumoniae has also been reported [23] [24] [25] . It was 366 suggested that other mechanisms may contribute to the 367 hypermucoviscous phenotype in these organisms.
368
In terms of virulence genes, significant differences in 369 the prevalence of genes associated with iron-scavenging 370 systems (entB, ybtS, iutA, and kfu) were recognized be-371 tween K. pneumoniae, K. variicola, and K. quasipneumo-372 niae isolates. The ability to acquire iron is essential for 373 bacterial growth and replication, and the iron uptake 
